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Fourth Lecture: Nuclear PDFs (nPDFs)

4.0 Prehistory of nPDFs

Experimental and theoretical framework in early '80s
Motivation for studying nuclear effects at high energies

4.1 History of nPDFs

pQCD inspired frameworks, factorization
First nPDfs extractions

4.2 Present status
modern nPDFs: EPS09, nCTEQ, DSSZ

medium modified FFs

4.3 Future of nPDFs
dA (pA) experiments at RHIC (LHC)
Outlook



4.0 Prehistory of nPDFs

. . accurate models for nuclear structure
no much interest in partons low energy scales “freeze” QCD dof

in nuclei before 1982:
DIS “incoherence” hypothesis

Fi ~ ZFP + (A — Z)B0

European Muon Collaboration (EMC)

- o N 1 % Fae incoherence?
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E free=bounded nucleons?

interesting in itself but also:

o NMC CaD
e SLACESTFeD
B SLACEI3Y Fe/D
A E665 CaD

— Parametznzation ;
-- Etror m parametenzaton

XY/ Fa(l))

® no neutron targets/beams

® neutrino scattering FOIT

e B R v L ® pA, dA baseline for AR 5y g
at RHIC and LHC
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4.0 Prehistory of nPDFs

what is going on?

no universally accepted explanations yet

Fermi motion

» collective motion of nucleons inside the nucleus

» enhances “scattering” around & beyond (!) kinematic

limit for free proton
nuclei XA

per nucleon XN
PN =Pa/A

EMC effect

QZ
2pa ' q
Q2
2pN - q

0<xa <1

0<xn <A

» ~“binding mechanism: if it borrows pn, works

» non-nucleonic d.o.f. (pions, multi-quark clusters, ...)

» many models for bound nucleons

anti-shadowing

»momentum and baryon number conservation

»partons (from different nucleons) recombine/fusion

1.5 I~ antishadowing Fermi-
1 A _: motion
G5 T
1 d B
§F210 b ss s usnnsumsunnnnnnanpysonnsusunsunNunnony
06 [ 1Y
Yo - shadowing
02 | X,
i | | Illllll | | lIIllII | | IlIIII
10~ 10~ 10" 1
XN
shadowing

pinterpreted as coherent interaction with more than one
nucleon, many models

peffect known in hadron-nucleus total cross sections;
optical analogy: surface nucleons shadows inner ones

pintermediate states: elastic (Glauber) vs inelastic (Gribov)

»low x~parton overlap~recombination~saturation



4.0 Prehistory of nPDFs

vigorous experimental programs since the early seventies

UA DIS ===

VA DIS e

early 70ties EMC effect

BRAHMS, PHOBOS, PHENIX, STAR

e

no eA collider yet



4.0 Prehistory of nPDFs

many different nuclei studied over the years

—_— picture of A dependence

Periodic Table of the Elements

B hydrogen ¥ poor metals
alkali metals B nonmetals
B alkali earth metals B noble gases
B transition metals B rare earth metals
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4.0 Prehistory of nPDFs
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of quarks and gluons in
all analyses of proton PDFs

» low X, low Q3

where saturation is relevant

» high Q¢

to test scale evolution

an electron-ion collider
(EIC, LHeC projects)

is in high demand
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4.1 History of nPDFs

does a PQCD inspired framework work? we calculate we measure / fit [ model
w factorization between short and long distances

PDFs parameterization

: Q(%)sz (xN, Qg)‘( free proton

ose ansatz and determine from data

fz‘A in

nPDFs definitio
do s

dony = do; ® fZN PDF

standard parfonic
cross section

known cr
known pa

"somefhing else” universali

~medium effects: higher density

non linear
confinement size

Nacp - - -




4.1 History of nPDFs

what do we want to learn from nPDFs?

® nPDFs can paramefrize nuclear effects with little bias and without

assuming certain "mechanisms” to model the observed modifications/effects
link to models of nucleon structure at low scales and proposed nuclear modifications

® a global QCD analysis of many hard probes will reveal tensions

due fo the assumed framework
factorization and/or DGLAP evolution will eventually break down: where?

® map out kinematic regime where nPDF framework applies
and study transition to saturation region

XA
c saturation
. - —Hf17and ZEUS‘ ) m region In Q5(Y)
L } 5§ g 8% 8 ¥ 8 5 § B % 845 § 5 >
= =
= S
> BK/JIMWLK
a —
3 o)
g = 0.0
g
. S £ } BFKL
® HERA preliminary — ACOT full b-Sat dipole 1 Z 9.
= HERAPDF1.0  --- ACOT+ b-CGC dipole @ 3 < ® o\ DGLAP,
— Q°235GeV FFNS £ = P
-0 2L+ Q%5GeV — NNLO as=0.1176 <
L--- RToptimized === NNLO ag=0.1146 L . > 5
| 1 111 1 | 1 1 1 | ) I I | | I |n A2 In Q
10 10° ach
Q°/ GeV? —
— » transition often characterized by “saturation scale” Qs(x,A)

» no unambiguous hints for saturation in ep down to x = 105 » non-linear effects (recombination) demanded by unitarity



4.1 History of nPDFs

EKS Eskola, Kolhinen, Salgado - hep-ph/9807297
Eskola, Kolhinen, Ruuskanen - hep-ph/9802350

» first LO analysis

P NMC, E665 DIS and E772 Drell Yan

» standard multiplicative ansatz

: 2
» no error analysis (no X )

1.2

| = BCDMS ! HKN Hirai, Kumano, Nagai - hep-ph/0103208

1 & E87
L1714 E139

: 200 Rt
» LO analysis (first X minimization)

» EMC, NMC, SLAC, E665 DIS  \?/d.o.f = 1.76

» standard multiplicative ansatz

0.7- — — —
0.001 0.01 0.1 1

* » no error analysis




4.1 History of nPDFs

NDS de Florian, R.S. - hep-ph/0311227 — e
: [
» first NLO analysis x“/d.o.f. =0.74 = SRR =

I 2daass k. I .
1T - T ¥ ’
» only SLAC & NMC DIS sets and some DY data oo o8] o hw?_‘—-—- —
g |
» convolutional approach in Mellin N-space 1| /n:‘“*-*-% ! g
: | W
» no error analysis N | :__M AuD Lq ]
| N, Y

1111l -2| 1 ||||||I- 1111 L1111 -2 1111 -
10 10 1 10 10

1.2

HKN Hirai, Kumano, Nagai - arXiv:0709.3038

» LO and NLO analyses Xz/d.o.f. — L.

“v(_‘.a (x)
WPPx)

» standard DIS and DY data sets

» standard multiplicative ansatz

» first error analysis (Hessian method)

» rather “unusual” gluon distribution at large x




4. Present status

EPS Eskola, Paukkunen, Salgado - 0902.4154

» NLO analysis Xz/d.o.f. = 0.8

(2,Q%=1.69GeV?)

» usual DIS & DY data

RPb

» RHIC dAu data to constrain gluon better

>
ko
o
8

» complicated piecewise multipl. ansatz

& (z .Q2=

» Hessian error analysis

» huge anti-shadowing/EMC effect for gluon

NCTEQ Keppel, Kovarik, .. - 0907.2357

Lolobded b o) A b g ooE

» direct ansatz a la CTEQ

> DIS & DY plus CC neutrino DIS data

T (N S e

» ind tension between NC and CC DIS data
breakdown of factorization

O SO HIR R S S SOt O FURPN SOTR G2 A

- ... SLAC/NMC -..-...HKNO7 (NLD)-
0.80 i i i i i i i |1 i i i i i i i
10 i




P rasent status: DSSZ. e rorian, =s., Stratmann, Zurita = 11120632)

why do we need yet another set of nPDFs ?

P no truly global analysis yet
w include charged lepton DIS, Drell-Yan, CC neutrino DIS, and RHIC dAu data

P use up-to-date proton PDFs as reference set

= many different sets to choose from - take MSTW
Martin, Stirling, Thorne, Watt - arXiv:0901.0002

P> improve on the treatment of heavy flavors

w e.g. NLO massive Wilson cross sections for CC DIS
Blumlein, Hasselhuhn, Kovacikova, Moch - arXiv:1104.3449

P provide some estimate of nPDF uncertainties

main questions to address

e do we really see a tension between charged lepton and neutrino DIS data?

e do RHIC dAu data imply strong modifications of the nuclear gluon distribution?



DSSZ: x-dependence

> use multiplicative nuclear modification factor fi*(x, Qo) = R{*(x, Qo) x fP(x, Qo)

» initial scale Qo = 1 GeV, NLO DGLAP evolution to all other scales Q > Qo

needs to be flexible enough to accommodate
(anti-)shadowing, EMC effect, Fermi motion

R2(x, Qo) =@ (1 — x)P* x [1 + @1 — x)?] x [1 + a, (1 — x)”2]

» parametrize both valence distributions as

» data do not allow to discriminate different sea quark flavors (ried in analysis)

A es)1 + agxes
R (x, Qo) :-ej as + 1 3 -

» need another modification factor for gluons
but need different

RA B 1 + a,xCE normalization and small-x behavior
g (X7 QO) 2r <€
€1 ag aF 1

» heavy quarks generated radiatively: no parameters

also, fit unchanged if

» 3 parameters constrained by charge & momentum conservation il
= = &g

total of 9 parameters per nucleus

f = {aV7 Og, ag7617ﬂ27ﬂ37aV7 aS?ag}



DSSZ: A-dependence

total of 9 parameters per nucleus AR UES OfF i poratnziers

5 = {ava U, O‘gaﬂla 627637 Ay, As;, ag}
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parameter ¥ A ] i a 1 _
a -0.256 0.252 -0.017 Ak mmmmmm e 41 8 i
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a 1.994 -0.401 0.286 2 2
B, -5.564 5.36 0.0042 10 10° A 10 100 A
Ba -59.62 69.01 0.0407
B3 2.099 -1.878 -0.436 R —— EE—
av -0.622 1.302 -0.062 .
as -0.980 2.33 x 107° 1.505 ;
ag 0.0018 2.35 x 10~* 1.505 optimum NLO parameters

at the input scale
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DSSZ: heavy flavors

different ways to treat heavy quarks:

7 FFNS
Q > mq » fixed flavor number scheme (FFNS) 71% & <m,
HQ only produced extrinsically via, e.g., photon-gluon fusion i 20)
Cs g ——0
Q >>mq » zero mass variable flavor number scheme (ZM-VFNS) ‘}»{/‘f """"

massless HQ above “"threshold” Q = mq; active in evolution

ZM-VFNS
Q% > my

Q> mq ) general mass variable flavor number scheme (GM-VFNS)

A attempt to match massless and massive theories; CPM
needs some matching & interpolating coefficients ~  ------f-------
details vary in global fits (many prescriptions)

not a priori clear iflwhere it matters — -
e.g. HERA data described well in both FFNS and GM-VFNS; ZM-VFNS clearly inadequate

charm production in CC DIS is of special interest
WTs' — ¢ st=1Vi 45 [V g|<d

w ysed to extract strangeness from CC neutrino data in PDF fits
need to control nuclear corrections for Fe and Pb targets

w we adopt the GM-VFNS as defined in the free proton PDFs of MSTW
positive impact on quality of our fit to CC DIS data: 26% gain in e



DSSZ: data sets & X? T St

E139 18 271
EL/FP NMC 17 17.35
FF/EP 0 dep.NMC 179 197.36
FPe(FP E139 17 44.17
ES/FP NMC 17 27.85
E139 7 9.66
EMC 9 641
: : Ff /FP Q* dep. NMC 191 201.63
» optimum parameters determined from F;//;ZD 10 i
. . . o Ca D
standard chi-squared optimization B /F oS oo NC DIS
relative normalization or not needed/used Ef"/FP EMC 19 18.62
artificial weights for certain data sets in DSSZ analysis sze/Fzz E139 23 3495 897. 5/894
F¢/F E139 7 971
/ d ERgO d th)z Fzs”;FZZD EMC 8  16.59
2 il g ( Oj Oj F“/FP E139 18 10.46
M= Wi A2 FC/FL NMC 24 3317
. i Efe/FF NMC 24 2531
1
FB¢/EF NMC 15 11.76
uncertainty for each point F{ /RS NMC 15 6.93
DSSZ: add sys + stat in quadrature [+ theor. unc.] FES4/Ef NMC 15 771
FES4/FEf NMC 24 26.09
Ffe/FE NMC 15  10.38
E"/Ff NMC 15  4.69
F"/EE Q% dep.NMC 145 102.31
Ff*/F€ NMC 15 957
FyFe NuTeV 78 109.65
FyFe NuTeV 75 79.78 CC DIS
e CDHSW 120 108.20
A CDHSW 133 90.57
EyP CHORUS 63 2042 488.2/532
i CHORUS 63  79.58
dcS, /doB,  ET72 9 987
do%s/dob,  ET772 9 5.38 D ll Y
2 1544 7/1579 t doté /doh,  ET72 9 9.77 re an
total X - : pUs. (lcgy?dcgy E772 9 19.29 .
doke /doB,  E866 28 20.34 .
Xz/d.o.f : 0.994 czoé%/dog;] E866 28 26.07
G SR 11 35 :
i = dAu->piX
doi/dc!?”  STAR 30 36.63 U->pIA 68.3/61
Total 1579 1544.70




DSSZ: charged lepton DIS data

fit all “classic” EMC, NMC, and E-139 DIS data

» impose cut Q2 > 1 GeV?

» x° = 857.5/894pts.

» neglect, as usual, nuclear effects in deuterium

e b

found to be small in Hirai, Kumano, Nagai
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DSSZ: charged lepton DIS data

there is more ... no surprises though

similarly for F5'/FD and FS/F2
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DSSZ: Drell-Yan dimuon data

fit all E772 and E866 DY pA data ; K xpp = /M2/setY

» di-muons have inv. mass M > 4 GeV (sets scale) :
DY data mainly help to

N ut ,
disentangle val/sea quarks

» X2 = 90.7/92pts.

gluons through evolution
Fe / Be W/ Be d2o A2 do::
= dx; dx; £P(x1 ) (8 i
/| ; dMdy ~ 9MB 4 / *uda () Y vidy
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DSSZ: cc neutrino DIS data

fit CDHSW, NuTeV, and CHORUS str. fct. data differently with

ﬂ' nuclear matter?

substantial interest: L

W+
» nCTEQ claim of “factorization breaking” for nPDFs B /}X
» neutrino data are a vital constraint on strangeness \J\

(and help to separate quark flavors) in proton PDF fits
dZO.I/A,ﬂA
dxdy

vA DA vA DA Y. oA DA
A T o

» CC DIS data probe different combinations of up-/down-type quarks than charged-lepton DIS

» neutrino and antineutrino beams probe 4 different structure functions

= — NuTeVFe

FyA (xn) ~ xn[G® + e + d? + 5% (xn) g8 | - comswre 7
o 100 — == CHORUS Pb << ' —

FZA (XN) B=RCIN [UA s CA S C_IA ol §A] (XN)
£ i 1. 1-, 1- R 10 — g‘ .“:.: =
B Gl [ (m® ot d st (xy)  Porenmaitensioh ] e, efremmmm o

with what we have o
el e (d ) (xn) learned from NC DIS Y = il
| Ll L
P experiments extract (under certain assumptions) / 10 10" 1
it % F2 probes total quark singlet — ——
T = (105 B D ;
29 ( 2.3 T 2’3)/ = e F3 probes sum of valence PDFs Kinematics overlaps with

charged lepton DIS data



DSSZ: cc neutrino DIS data

find: data remarkably well reproduced by fit x* = 488.2/532pts.
Fa(x, Q%) xF3(x, Q%)
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» absolute cross sections rather than ratios -> more sensitive to set of proton PDF in R (incl. as theor. uncertainty)

» data feature typical pattern of scaling violations
> slope of CDHSW data does not match with other data

some mild tensions
often with CDHSW data



DSSZ: cc neutrino DIS data

no indication for factorization breaking

find same pattern of nuclear effects for CC and NC DIS
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at variance with nCTEQ result
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» “theoretical data”: F;D not measured

» nCTEQ fits to cross sections not str. fcts.

» also EPS finds compatible nuclear effects
(no re-fit including CC DIS vyet)



DSSZ: pion production dAu

most difficult probe to analyze (yet, perhaps one of the most interesting ones)

E , d A T
jk
J / wanted \
fragmentation functions

free PrOfon PDF known to NLO fairly well known for pions

A\ "
Known ibuti . :
QISIvEconI BN ESERICEERES but what about possible nuclear modificafions?

can have an impact even if small

mid-rapidity neutral pion data from PHENIX and STAR first analyzed in EPS fit

1 d2
sxd o dprd
1'4L'|"'l'l'l'l'l'l » fit to min. bias ratio R" ,. — 24 dAu/dprdy
P 0 o d?0p,p,/dpt/d
. ¢ O PHENIX 2007 7 pp/APT/AY
onset of shadowing o STAR 2006 +* + =~ . |
- » use up-to-date vacuum fragmentation functions
of.é J EMC effect DSS: de Florian, R.S., Stratmann - include RHIC pp data

» find BIG impact on gluon nPDF

EPS09NLO
R i i kT potential caveat: need to assign

2 4 6 8 10 12 14 16 large weight to dAu data in fit
pr[GeV] i

anh-shadowmg




DSSZ: pion production dAu

what is different in DSSZ analysis
v more data, including also charged pions from STAR
v’ no artificially large weight w.r.t. other data sets

V' try to estimate impact of modifications in hadronization

fragmentation in a medium - what is known ?

+

1w

: » effects known to be large in eA

» hadron attenuation increases
with A and z

(rather flat in x and Q3)

cannot be described as an
initial-state effect (= nPDFs)
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DSSZ: nFFs

how to model fragmentation in a medium ?

bold aﬁempf: extend FFs to medium modified FFs (“in the background of a nucleus A”)  R.S, Stratmann, Zurita
0912.1311

choose convolution ansatz to modify vacuum FFs DSS vacuum FFs

/

1
d
1/A(Z QO) / ?y I(Y7A) DF(gaQO)

B

from fit to HERMES and RHIC dAu pion data

Data Data

Experiment A H type points x?
HERMES |[6] He,NeKrXe 7+t =z 36 39.3
T z 36 23.0
™z 36 27.4
7wt T 36 69.4
T T 36 55.4
: e ] 0 oz 36 49.7

- R 1 ald —a] + 2 ‘ ¢
T 025 05 075 025 05 075 025 03 075 025 05 o075 works well Z_ g'z 23 ;;(1)
z z z z Q2 32 347
com— PHENIX [14] Au ™  pr 22 13.7
STAR (prel.) [16] Au ™  pr 13 12.8
STAR [15] Au %  pr : z

ﬁnd: Total c 381  396.0 >

R——

» suppressed quark -> pion fragmentation (incr. with A)
» mildly enhanced gluon fragmentation around z=0.5

use both DSS vacuum and effective nuclear FFs in DSSZ nPDF analysis



DSSZ: mid rapidity (again)

at RHIC (mid rapidity) we probe large z

R.S. Stratmann, Zurita 0912.1311

and mostly pions from gluons
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result of our nPDF fit

N

©
=2
-
< 1 < 3
= ]
Sosf 1 ——— this fit (aFF) 3
06 F — — — — thas fit (DSS) 3
04 = I 1 1 1 1 I 1 1 1 1 I —-:
: I T I T T l T T T T I E
16 Tt- —
14 E % % % 3
gl [l !
= : e - T 3
% 1 ! I I 3
S osE + {][; p— EPS 09 (DSS)3
o6F | e nDS (DSS)
0'4 = | 1 1 1 1 | 1 1 1 1 | 1 =
0 5 10 15 Pr [GeV]
L — E—

» good fit within large exp. uncertainties
» choice of FF has some impact (but not too much)
x? : 68.3 (nFF) — 83.6 (DSS)
» unlike EPS fif, limited impact on gluon (no weight factor)



DSSZ: forward rapidity

why interesting

» allows to access smaller x in nucleus

» gets one closer to the region where
one expects saturation effects

data indicate strong suppression
of gluons at small x and low scales

forward suppression well described
within non-linear rcBK evolution (CGC)

what does it take to describe it with nPDFs

Eskola, Paukkunen, Salgado

RE(x.Q°=1.69 GeV?)

1.6 B ””"'IWI.']I;":)I llllull] T T TTTT
4 |—=-— Weight
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xIr
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« h™ 1=2.2; BRAHMS
e h™ 1=3.2; BRAHMS
o n° <np>=4;STAR

—— NLO-CGC
JLA & C. Marquet

Albacete, Marquet

» need humongous shadowing at a scale of about 1 GeV

A could be much less if final-state effects are relevant i

advocated by Frankfurt, Strikman; Kopeliovich; ...

o



DSSZ:AA collisions

no, thanks

many observables of interest involve
small pr, global properties, centrality dependence, ....

nPDFs are collinear objects
there is no impact parameter or other geometrical dependence

many observables in AA have no “hard scale”
not amenable to pQCD calculations in standard factorizations

assuming factorization in AA is a stretch
there might be some hard probes where things work out though

we do not touch AA data for the time being

nPDFs should be determined from probes in eA or pA
preferentially electromagnetic ones (free of hadronization issues)



DSSZ: nPDFs

A dependence at Q% = 10 GeV?
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- e ® nuclear modifications increase with A
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DSSZ: nPDFs & uncertainties

uncertainties at input scale of 1 GeV (for gold nucleus)

) [T T T e AN YA
b2 TN 4 ® uncertainties below 0.01 merely reflect %j\\ﬁj\\
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oo ; = | AMLAA
06 15 _ R_ : not constrained by any data AN A A
04F —— ay’=1 1P : : : : S :
02F === ag- L E ® nuclear modifications quickly diminish under evolution
- IRRTIT| AR TTTT AR ATTT| lllllll:u ERRTIT| AR TTTTY AR ATIT| lllllll; . v . ;
12 —_l T T T T T 1 ””LT —_I T T T T T 1 ||||% . evolu"’lon lmprln‘l's leFeren"‘ nuclear eFFeC"‘S
Y —— |3 N on individual quark flavors
08F ElR E recall: we start with R2 = R4 = R2
= RAu [ RAU . s u d S
06 5§ g
04f E|d i1 e Ry, exhibits textbook-like behavior
02| F Q@ =1GeV’ =
“illllllll -1 Lol -:’znmu] -innu—u C ol -:1;||1||||| -élllllul -illllllT ® li-l--l-le evidence For anfi_shadowing in sea (and gluon)
10 10 10 10 X 10 10 10 X 1
N N
12F™ | I ! [T
. pAu H pl
A : Rll\.' ~ F .it
RY B D
H WY b
D~ v \
08~ . (T
n - Ul
i " L1 i | “||.|.ll_LL|.UJ.|.|.|._]_LL|J.|.|.|.|._l_.|..Llu.|_.||
oot ) .

a4 ia31a2 901
10710710 710 g

3.2 -1 3.2 -1 3. 2 -1
10710710 107107107 107107107 1

N N




DSSZ: peculiarities

1.1 e e e 11 pe@rturbatively generated charm and bottom nPDFs
ca | 1[ Q°=100 GeV”
R |
| ® modifications for ¢,b follow closely the gluon
' no surprise, as they are generated from gluon splitting
os| }~ ® hierarchy in amount of low-x suppression:
| the stronger, the lighter the quark
———— a 1
os¢” A4 S {08 .
0% 107 107 lx 100 107 10lx 1 S xne”
| —— m— 4 T |
the issue of “negative gluons” i |
® MSTW exercises the possibility of negative gluons/?. P
at small x and low scales [improves their fit of HERA datad] 6 g oAU
not a problem since PDFs are not observables but F. should stay positive S NE
ar T
® evolution quickly pushes the gluon up N _-
: : A 0:"' ——————— /\M
°
our nPDF gluon is tied fo the MSTW through R, - P— T
and gets negative too -> RgA ill defined at low scales (nodes) '2;" - gzggg ]
: : : : 10~ 107 107 00 . 1
one must take trad. ratios R:* with a pinch of salt in NLO N




4.3 Future: prompt photons

complication: “isospin effects” = dilution of u-quark density from neutrons u(x) < uP(x)

—>» ratio dAu/pp not unity even w/o nuclear modifications

RHIC pr [GeV] LHC Pr [GeV]
5 10 15 20 25 20 40 60 80 100
1l LOS v e e
\]\- ................................ B (S — — T O
' ' | — isospin
0ol 095 |
- $7=200GeV . . ¥ o.9f- S¥2=44Tev -
08 m=0 mid rapidity -~ 1 ~isospin L =0 mid rapidity
) ] 2 L L L L L L e e e |
forward == Ehll)"'sfgg(”x =0 - isospin
8l - aDS I : no effect
N Cee ' : . proton
- free proton PDFs 005 ) B
. LT l g this fit (Ax’=30) |
B il ---- EPS09
S =200 GeV ~ o - 1DS ]
n=3 - S7"=44TeV . ... free proton PDFs:
o6l . . ... | n=3 forward '
- 2 4 6 . f PR U R S S U R SN S S S NN SN SN U S R S S S R S S ST |
10 20 30 40 50 60
GeV isospin
Pr [ ] from deuteron Pt [GeV]

see also Arleo et al, 1103.1471



4.3 Future: Drell Yan lepton pairs
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4.3 Future: pPb at LHC

see Salgado et al., 1105.3919

Kinematic reach

ALICE expected reach in 1 yr. pA(Ap) collisions

CMS expected reach in 1 yr. pA(Ap) collisions
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4.3 Future: eA at EIC & LHeC

PRECISION: direct access to nuclear partons _
-e Kinematic variables x, z, Q2 over a very wide range
CLEANLINESS no fragments from another bea-

HERA for nPDFs

Examples:

in addition to the standard low-x saturation, nuclear environment studies,
gluon nPDFs F_ scaling violations

high precision CC program to check factorization/universality of nPDFs

high precision program to check medium modified hadronization (nFFs)

1206.2913 1212.1701



Epilogue:

... supposed to say something clever (bombastic?) about global analyses, PDFs, efc....

.. hMMmM leave it as homework!

PDF customer satisfaction survey

How did you like global analyses?

What are their main pros and cons?

Do they affect your overall picture! THANK YO Ul

attention (patience!)

Can they improve your work? How?
hospitality

Can your work improve them? How?!
/ p data!!

What would you like for Christmas?

Comments, complaints?

= sassot@df.uba.ar
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4.3 Future: prompt photons
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n=3 - %,
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pr [GeV]

® can resolve characteristic differences
between EPS and DSSZ gluons
in anti-shadowing [and EMC] region
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® can probe into shadowing region



